INTRODUCTION
Microworlds [3] are computer simulations of restricted environments that promote exploratory learning by children.
TurboTurtle ( Figure 1 ) is a microworld that simulates a Newtonian universe [1] . Students explore physical concepts by adjusting properties such as gravity, friction, force, and velocity. They immediately see the effects of these changes on the behavior of a turtle (a ball) that moves through the world. What makes TurboTurtle intriguing is that it is group-aware. Small co-located or distributed groups can talk about the simulation while they are manipulating it. Each student has their own computer screen and input devices. They share the same view of the simulation, have teleprinters to facilitate gesturing, and cart simultaneously manipulate any aspect of the microworld [1] .
We wanted to see how children managed, or mismanaged, their collaboration in this environment that not only allowed parallel activity, but that made no attempt to structure turntaking or mediate conflicting actions.
METHOD
Twelve children, aged ten or eleven, used the system in mixed sex pairs for 30 minutes. They were observed through think-aloud and constructive interaction techniques.
Children were seated approximately two meters apart with a clear view of each other. They were assigned tasks that familiarized them with TurboTurtle as a collaborative tool, and that progressively introduced the Newtonian concepts Permission to make digital/hard copies of all or part of this material for personal or classroom ;se is granted without fee provided [hat the copies a,re not made or distributed for profit or commercial advantage, the copymght notice, the title of the publwa(mn and its date appear, and notice is given that copyright is by permission of the ACM, Inc. To copy olhelwise, to republish, to post on servers or to redistribut~to lists, requires specific permission and/or fee. Collaboration styles varied greatly. The .stttntniuy in Table 1 shows that different pairs talked to each other in quite different ways, and that they manipulated the microworld using various collaboration styles. These are described next. Table 1 : Predominant collaboration styles for six pairs of children, aged 10-11 years old. Independent activity. Pair six almost ignored the fact that they were in a collaborative microworld. They were mostly silent despite being encouraged to communicate. They struggled against the actions of each other, even though the teleprinters revealed the cause of their difficulty. They said it would be much easier to use the microworld on their own.
Domination.
Breakdowns also occurred when one person dominated the interaction. In pair one, the boy changed the simulation properties so rapidly that the girl could not keep pace. The girl initially took her hands away from the mouse, clearly attempting to follow the frenetic activity of her partner. Shortly afterwards she shouted "Leave it !" While the boy briefly capitulated, he continued to dominate the session, grabbing the controls whenever the girl hesitated.
Breakdowns
Breakdowns happened even in successfid collaborations.
Yet many were positive contributions to the overall interaction, with the breakdown becoming a focal point for children negotiating their next manipulation of the microworld. Two factors mitigated breakdown: conversation and mutual awareness.
Conversation.
Successful breakdowns were distinguished from unsuccessful ones by the extent of discussion that accompanied the conflict.
For instance, pair two argued over the desired mass of the turtle, set by a slider. Their short conflict was accompanied by comments such as "Make it 20!", "No! M~e it 30!"0 Note that the conflict stems from the task, rather than the interface. In contrast, pair six encountered the same problem of simultaneous access to a slider, but it was not clear to them whether the values that they were trying to set were the same or different, the confision being caused by their total silence.
Mutual awareness. While conflicts over the simultaneous access of sliders were fi-equent, children were aware of the problem because they saw the two teleprinters on the slider as well as the bouncing slider position as both tried to move it. They can then repair the conflict through their natural social skills, much as they do in the real world. This did not always happen. ,In some cases the children were tenacious in their desire to be last one in control, even though they were well aware of the cause of the problem. This problem arose because of their own immaturity at negotiating control. 
